Topic collections
T he health effects of smoking are well documented and it is estimated that half of those who smoke and fail to stop will die from their habit. 1 Given that most smokers take up the habit before they reach the age of 18 years, one of the most important strategies in reducing smoking prevalence in the population has been to prevent young people from becoming smokers. 2 After a period of stability in adolescent smoking prevalence in western Europe, it would appear that the rate of smoking among young people has risen in recent years in many countries. 3 4 In 1994, the proportion of smokers among Danish adolescents aged 15 was 33% for girls and 25% for boys; by 1998, these proportions had changed to 38% for boys and 31% for girls. 4 5 These trends indicate the need for new smoking prevention strategies based on a more rigorous understanding of the factors which influence adolescents' initiation of smoking.
In their review of predictors of onset of adolescent smoking, Conrad et al identified a variety of factors that might influence young people to smoke: sociodemographic factors (for example, socioeconomic status, sex, age, availability of spending money), social bonding factors (including family bonding, peer bonding, and school influences), social learning factors (including family smoking and peer smoking), and personal factors (including low self-esteem, refusal skills, beliefs and attitudes toward smoking). 6 Furthermore, social psychological theories and research have enabled us to understand better the processes underlying adolescent smoking behaviour. 7 According to the theory of planned behaviour, intentions are the immediate determinant of behaviour. 8 It could be argued that students in a school where smoking restrictions were absent would perceive smoking as being acceptable, resulting in intentions to take up the habit. Social cognitive theory, on the other hand, states that adolescents' smoking behaviour is acquired through observing the behaviour of role models in the social environment. 9 The theory suggests that approval of smoking by friends, parents, and other key persons is likely to increase the probability of smoking, through the imitation of powerful role models. Long term empirical studies examining social environmental factors that might influence adolescent smoking behaviour support the notion that modelling is a predictor of smoking, with the impact of smoking by family members and peers being addressed in a large number of studies. Parental and sibling smoking behaviour, parental attitudes toward smoking, and sibling pressure have all been found to be predictive of smoking onset, with less support for parental smoking and approval. In particular, the influence of peers is considered to be one of the most important predictors of adolescent smoking, more so than parental smoking. 6 10 However, recent research suggests that the influence of peers may have been overstated, with selection and projection increasing the association between friends' and adolescents' behaviour. 11 Adolescents, it is argued, who already smoke are more likely to seek out and spend time with other smokers, and adolescents who smoke tend to overestimate the smoking prevalence of their friends.
The school setting represents another crucial arena in which learning may take place. The school has long been considered an important setting for child development and health behaviours, and many smoking prevention programmes are school based. 12 Measures of school related predictors of adolescent smoking have included, for example, alienation from school and low academic achievement. 6 13 Furthermore, the student's perception of the school environment-for example, low teacher support and inadequate demands-appear to be related to smoking initiation.
14 However, little is known about how school smoking practices are related to adolescent smoking behaviour. The small number of studies that have looked at the effects of school smoking policy on adolescent smoking behaviour suggest that the prevalence of smoking declines when there is a ban on student smoking on the school grounds 12 15 and that there is a positive association between the provision of student smoking areas and the proportions smoking. 16 Recent work in the USA indicated that school smoking restrictions were associated with reduced smoking prevalence, but only when the restrictions were strongly enforced. 17 Although there are barriers to developing, implementing, and monitoring smoking policies in schools, 18 they are likely to require minimal funding and staff commitment. 12 This area has attracted relatively little attention in smoking research. Thus, in future intervention strategies aimed at preventing use of tobacco by adolescents, it is important to gain more knowledge about how school smoking practices relate to adolescent smoking behaviour. This paper presents an analysis of cross sectional data collected in Denmark in 1998. The main purpose of the analysis is to examine the extent to which adolescent smoking behaviour is associated with perceived exposure to teachers and other pupils smoking at school. Denmark was an ideal setting for this kind of analysis because the smoking policies at school in 1998 were lenient. Denmark had legislation restricting smoking in public buildings, but this legislation did not apply to schools, as Danish schools were under the jurisdiction of individual school boards. For this reason, smoking restriction policies varied from schools with no restrictions at all to schools where smoking was prohibited at all places except for the staff room. In 1998, 70% of the schools allowed teachers' smoking outdoors and 70% of the schools permitted smoking among older pupils.
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METHODS
Subjects
A cluster sampling procedure was used. Overall 64 schools were randomly selected across Denmark, following stratification by size (number of students) and location, to ensure representation from larger city areas. Of these, 55 schools agreed to participate, of which 48 contained ninth grade classes. All 95 ninth grade classes in these schools were selected. Overall, 1578 ninth grade students aged 15-16 years (mean age 15.8 years) completed a questionnaire, which corresponded to 99% of the pupils present on the day of the survey and 91% of all pupils of this age. Five classes with less than 10 students (n = 32) and students without any class identification (n = 31) were excluded. Thus, the present study is based on 1515 students.
Measurements
Following pilot work, data were collected during 1998 (school year 1997-98) by means of a standardised self completion questionnaire. Students completed the questionnaire in the classroom during school hours, and were instructed not to provide their name or date of birth. Data collection was administered by teaching staff, following prior approval for the study by the school board.
Smoking behaviour was assessed by asking the students "How often do you smoke at present" (daily, weekly, less often, don't smoke). In the present study the responses were dichotomised as 0 = daily smokers and 1 = weekly/less often/nonsmokers. The students were also asked "How many cigarettes do you usually smoke per week". The responses were dichotomised as 0 = more than 20 cigarettes per week (heavy smokers) and 1 = 20 or fewer cigarettes per week/nonsmokers. Item non-response accounted for fewer than 2% (n = 17) of cases for both outcome variables.
The students' perception of teachers smoking was measured using four items, asking the students "During school hours, how often do you see or know about teachers smoking: in the staff room, in corridors, in other parts of the school building and outdoors on the school premises" (daily, sometimes, never, don't know). The perception of smoking by teachers was categorised into teachers smoking outdoors on the school premises and teachers smoking inside the school building. For these two variables, responses were dichotomised, such that 0 = every day or sometimes and 1 = never or don't know. Finally students' perceptions of other students' smoking was assessed by asking them "During school hours, how often do you see or know about other pupils smoking outdoors on school premises/playground". This variable was also dichotomised with 0 = every day or sometimes and 1 = never or don't know.
In order to adjust analyses for other key variables known to be associated with smoking, measures of exposure to smoking among parents, friends, and school friends were also included. While the range of factors associated with adolescent smoking is vast, we chose to focus on those most strongly associated with smoking behaviour. In our analyses, these were parental smoking, peer smoking, the proportion of smokers in the class, and sex. Parental and peer smoking behaviour was assessed by three items: "Do any of the following people smoke: (a) Father; (b) Mother; and (c) Best friend" (daily, sometimes, don't smoke, don't know, don't have or don't see that person). These variables were also dichotomised (coded: 0 = smokes daily/sometimes; 1 = non-smoker/don't know, don't have, don't see that person). A variable measuring the proportion of smokers in the class was also included. This variable was constructed such that 0 = classes where more than 20% of students in the class reported smoking, and 1 = classes where fewer than 20% of students reported smoking.
Participants with missing values for one or more of the variables included in the statistical models were excluded from the analysis. The number of participants excluded was 213 in the analyses for daily smoking and 198 for heavy smoking. Examination of these excluded cases showed that they had a similar distribution by sex and smoking status as those included in the analyses presented here. Thus all analyses were conducted on the subgroups of 1302 or 1317 students with complete information for all variables.
Data analysis
The students were sampled in clusters, with the school as the primary sampling unit. Consequently, students cannot be assumed to be independent, as those within the same school tend to be more alike than students generally (intraclass correlation). The presence of clustering would be expected to result in higher standard errors compared with a similar size of sample obtained using simple random sampling. To overcome this problem, an estimate for the design effect was calculated using Danish data from an earlier study and used to construct adjusted estimates of standard errors and confidence intervals. The design effect for smoking was estimated to be 1.44, resulting in 95% confidence intervals (CI) of approximately ±3%.
3 As such, the data are presented in this paper with 98% CI.
Associations between smoking behaviour and perceived exposure to student and teacher smoking were assessed using bivariate and multivariate analyses, adjusting for parental smoking, best friends smoking, proportion of smokers in the class, and sex. Risk ratios-a measure of the association between exposure to others smoking and adolescent smoking behaviour-were estimated by odds ratios (ORs). 23 In order to account for potential confounding, a multivariate logistic regression model was constructed including the individual risk factors outlined above and adjusted ORs were estimated.
Teacher Table 1 indicates that 16% of boys and 22% of girls reported smoking on a daily basis, with 13% of boys and 19% of girls reporting to be heavy smokers. Three fifths of both sexes reported that they were exposed to teachers smoking outdoors on the school premises, with a significant minority reporting to see teachers smoking every day. In addition, the vast majority of students reported being exposed to teachers smoking inside the school building every day or sometimes. Of those students reporting exposure to teachers smoking inside the school building, most reported that they were exposed to teachers smoking in the staffroom (57%), with fewer reporting seeing teachers smoking in the corridors (16%) or in other parts of the school building (27%). Approximately 90% of boys and girls reported being exposed to other students smoking on the school premises. Approaching half of the students reported parents or best friends who were smokers. Table 2 shows that in the bivariate analyses, adolescents' perceived exposure to teachers smoking outdoors was significantly related to daily smoking (OR 2.1, 98% CI 1.4 to 3.0). The strength of the association was reduced following adjustment for other smoking exposures and sex, but remained significant (adjusted OR 1.8, 98% CI 1.2 to 2.8). In neither the bivariate nor multivariate model was perceived exposure to teachers smoking inside the school building significantly associated with daily smoking (adjusted OR 0.9, 98% CI 0.5 to 1.6). Perceived exposure to pupils smoking outdoors was associated with daily smoking in the bivariate analyses (OR 3.7, 98% CI 1.4 to 9.9), but the association was reduced and not significant in the multivariate analyses (adjusted OR 1.5, 98% CI 0.5 to 4.4). As expected from earlier research, smoking among best friends was associated with daily smoking (adjusted OR 9.1, 98% CI 5.5 to 15.1), with a reduced but significant association between mothers' smoking and students' smoking behaviour (adjusted OR 1.7, 98% CI 1.1 to 2.6) and between fathers' smoking and students' smoking behaviour (adjusted OR 1.9, 98% CI 1.3 to 3.0). For heavy smoking, similar findings emerged, such that there was an association with exposure to teachers smoking outdoors on the school premises (adjusted OR 2.0, 98% CI 1.2 to 3.1), but not with exposure to teachers smoking inside the school building (adjusted OR 0.9, 98% CI 0.5 to 1.7) or exposure to students smoking outdoors (adjusted OR 1.6, 98% CI 0.5 to 5.0).
All the analyses reported above were repeated for weekly smoking versus non-weekly smoking and for smokers versus non-smokers; however, the associations were stronger for daily and heavy smoking, hence these outcomes being presented here. Furthermore, all analyses were initially undertaken separately for boys and girls, but in the absence of a significant sex effect, the results have been presented for both sexes together.
DISCUSSION
The present study, based on a random sample of Danish schools, showed that adolescents' exposure to teachers and other pupils smoking during the school day is common. Three fifths of the students in the study reported that they had seen or knew of teachers smoking outdoors on the school premises, and most of them reported that they had seen or knew of teachers smoking inside the school building. The vast majority of students reported seeing or knowing of other students smoking outdoors on the school premises. This suggests that there is a degree of tolerance towards smoking in Danish schools, which may influence student beliefs and attitudes towards smoking. As noted earlier, according to the theory of planned behaviour 8 a high tolerance towards smoking at school is likely to influence students, making them more likely to perceive smoking as something positive and acceptable, developing favourable personal beliefs and subjective norms about smoking, leading to intentions to take up the habit.
An important finding to emerge from this study is the positive association between teachers smoking in the school setting and adolescents smoking behaviour. Students' exposure to teachers smoking outdoors on school premises was significantly associated with smoking behaviour, having adjusted for exposure to close social relations' smoking habits and sex. On the other hand, exposure to teachers smoking inside the school building was not significantly associated with adolescent smoking behaviour. This suggests that teachers smoking a cigarette outdoors in the playground in front of students might be of greater importance than exposure to teachers smoking in the staffroom, which is more likely to be less frequent and shorter in duration. This finding implies that the aims of school smoking policies restricting teachers smoking should include tackling the issue of students' exposure to adult smoking outdoors. In Norway, where comprehensive policies restricting smoking in schools are in place, smoking by teachers in the school buildings is prohibited. However, the aim of the existing policy regarding smoking among teachers focuses on protecting individuals from the harmful effects of exposure to tobacco smoke rather than reducing adolescent exposure to adult smokers. The prohibition of indoor smoking by teachers has led to an increase in smoking outdoors on the school premises, thus increasing the potential for students to be exposed to smokers when at school.
To date, a limited number of studies have focused on the relation between teachers' smoking and adolescent smoking behaviour. For example, a study of approximately 6000 11-12 year olds and 1300 teachers in England suggested that variations between schools in the prevalence of smoking by teachers were linked to variations in the prevalence of student smoking, with a higher proportion of student smokers found in schools with a higher proportion of smokers among the teaching staff. 24 However, in another study in England with 2159 11-13 year olds, no association was found between smoking among teachers and student smoking, although "believing that teachers would not mind if they smoked" predicted future smoking uptake among the young people. 25 There was no significant association between exposure to other pupils smoking outdoors and adolescent smoking behaviour; an explanation for this is that very few pupils (only 9%) reported that they never saw other pupils smoke. It has been suggested that the association between smoking prevalence and other pupils smoking is overestimated because Table 2 Percentage (and number), crude and adjusted odds ratio (OR), and 98% confidence intervals (CI) of students daily smoking and heavy smoking in relation to perceived exposure to teachers smoking outdoors on school grounds and inside school building, sex, perceived exposure to students smoking outdoors on school premises, proportion of smokers in the class, parental smoking, and best friends smoking behaviour smokers tend to spend time with other smokers (selection) and smokers are more likely to be aware of others who smoke (projection). 26 The projection hypothesis is supported by the reported high proportion of smoking best friends, and the age of the participating adolescents, as the smoking behaviour of 15-16 year old adolescents probably is largely established.
The findings presented here also confirm those of numerous studies elsewhere, indicating a strong association between adolescent smoking behaviour and the smoking status of best friends, and a more moderate association with parental smoking. 6 10 11 This supports the notion that exposure to smoking by potential important role models can influence adolescent smoking 6 10 and that teachers who smoke in front of students in school function as role models.
It is important to assess the key strengths and potential limitations of the study design. The major strength of the study is that it is based on a large sample of students from randomly selected schools in Denmark, with a high participation rate achieved. The study population is therefore likely to be representative. In order to assess potential selection bias, bivariate analyses were performed on those data with a valid response for each variable of interest and those with data for all variables of interest. These analyses produced similar results. Furthermore, subjects with incomplete data were comparable to those with complete data in terms of sex and smoking behaviour. Thus, we have no reason to believe that the results from the multivariate analyses would differ if all students had provided valid information on all variables.
Given the cluster sampling approach used to select pupils, we have employed an estimated design effect from an earlier study to account for intraclass correlation. Furthermore, a variable indicating the proportion smoking in each class was included in the analysis to further adjust for intraclass correlation. The study does have potential limitations. Firstly, the study relies on self reported measures for student exposure to others smoking. There is evidence that people tend to project their own behaviour onto others-for example, smokers are more likely to be aware of others who smoke. 26 Such a misclassification of teachers' smoking might have influenced the positive association found in this study. Secondly, self reported measures of smoking status are used. Studies suggest that students who smoke appear to deny this, even when biochemical measures classify them as smokers. 27 However, in this study two different measures were used, daily and heavy smoking, with the results being very similar. Thirdly, given the cross sectional study design, evidence of an association should be interpreted with some caution before a causal relation is claimed. For example, students who smoke may spend more time outdoors than non-smoking students, or students who smoke might be more aware of teachers who smoke, which may account for some of the association between adolescent smoking and exposure to teachers smoking outdoors. We recommend that studies with a longitudinal design should explore the effect of smoking policy.
Conclusions
Our study emphasises the importance of a smokefree school environment by suggesting that exposure to teachers smoking during school hours influence the smoking behaviour of adolescents. This finding has implications for future tobacco prevention strategies in schools in many countries with liberal smoking policies where it might provide support for those working to establish smokefree schools. The result could also be used as an argument for reducing students exposure to teachers smoking in other settings.
What this paper adds
Recent studies suggest that the prevalence of smoking among adolescents is lower in school settings with strongly enforced smoking restrictions. There is conflicting evidence regarding the association between teachers' smoking and adolescent smoking behaviour. Our study suggests that exposure to teachers smoking outside on the school premises is an important predictor of adolescent smoking behaviour. This finding has implications for future tobacco prevention strategies in schools in those countries with liberal smoking policies, providing support for those working to establish smokefree schools.
